Staphylococcus epidermidis is a significant opportunistic pathogen of humans. 26
Importance
), the majority of these were known to be clones of internationally 208 disseminated, multidrug resistant strain BPH0662 (5). However, even within this 209 highly clonal group (n = 36), some predicted methylation variation existed. For 210 example, BPH0662-S2 was absent from two isolates, six isolates (including 211 BPH0662) had a truncation in the 12228-S orphan system while two isolates were 212 missing the 12228-S orphan system completely. Furthermore, within ST2, seven 213 different variants of HsdS were identified in 11 arrangements, including the absence 214 of any type I RM system (Figure 3 ). Of the 247 S. epidermidis genomes analysed, 215 38% did not contain any hsdS alleles and were predicted to be restriction deficient. 216
217
Our genome sequencing of RP62a_UoM indicated the presence of a single type I RM 218 system with a GAGN 7 TAC TRM (Table 3) . Although this motif was consistent with 219 that previously reported by Costa et al., the three additional motifs previously 220 described (lacking apparent associated genes) were not detected by our methylome 221 analysis; the low complexity of the motifs (e.g. GGBNNH) and low frequency of 222 detected methylation (12-29%) (11) suggest these may have been artefacts rather than 223 true motifs. Similarly, the three additional low complexity and frequency motifs 224 reported for VCU036 (11) were probable artefacts. Although the ST type was not 225 specified, VCU036 that shared the same methylome as ST89 isolate NIH051475 was 226 reported as CC89 by Costa et al. leading to the conclusion that S. epidermidis type I 227
RM systems follows S. aureus-like lineage specificity (11). We performed in silco 228
MLST by two independent methods and determined VCU036 to belong to ST4. 229
Furthermore, our analysis of the 247 S. epidermidis genomes demonstrated VCU036 230 to be phylogenetically distinct from ST89 ( Figure 3) . 231
232
Overall, our analyses demonstrated that contrary to current assumptions (11) the type 233 I RM systems of S. epidermidis do not adhere to the lineage specific distribution 234 observed in S. aureus. These differences are attributable to the arrangement of S. 235 epidermidis type I RM systems as complete three gene operons that reside within a 236 highly mobile region of the chromosome, the movement of which we hypothesise to 237 be mediated by ccr. 238 239
Recombinant target recognition domains generate HsdS variants with low 240 conservation of amino acid identity 241
The structure of a typical type I RM system HsdS allele is shown in Figure S2A , 242 composed of two highly variable target recognition domains (TRDs) flanked and 243 separated by conserved regions (CRs) that collectively determine the TRM to be 244 methylated by HsdM. 
S. epidermidis HsdS variants will only interact as part of a specific complex 258
The arrangement of some S. epidermidis type I RM systems, with the presence of a 259 truncated hsdS between complete hsdR and hsdMS genes, suggested that 260 recombination of component genes occurs (e.g. SepiBPH0662I, SepiRP62aI and 261 SepiBPH0704I; Figure S1 ). Analyses of the 247 genomes indicated that each variant 262 of hsdS in S. epidermidis is always associated with a specific hsdR and hsdM gene, 263 with a conserved gene arrangement (unless interrupted), frequently with the same 264 surrounding genes in association with ccr ( Figure S1A ). These observations support 265 our hypothesis for a role for SCC elements in the mobilisation of S. epidermidis type I 266
RM systems. 267 268
The presence of an orphan hsdS without a partner hsdM gene in S. epidermidis 269 introduces additional complexity to the prediction of type I RM system functionality. This was demonstrated by 12228-S, the most prevalent HsdS within the dataset, that 271 is found in 64 S. epidermidis (Table 3, Figure 3 ) and three S. aureus (Table 2, Figure  272 2) isolates. All examples of this hsdS variant followed a truncated hsdR, without an 273 hsdM gene. We determined that 12228-S is only expressed if its specific interacting 274 variant of hsdM (BPH0662-M1; WP_002504638.1) is also present (see Table S4 for 275 full explanation). In contrast, conservation of a single variant of hsdM present twice 276 within the same S. aureus genome provides redundancy for the expression of type I 277 RM methylation. This is consistent with previous findings where the product of a 278 single copy of the conserved S. aureus hsdM allele could functionally interact with 279 both CC8 HsdS when heterologously expressed in E. coli (9). 
297
Using our protocol, the type I restriction barrier in RP62a-WT was found to be 298 incomplete. Low numbers of transformants (10 1 CFU/ml) were obtained with plasmid 299 DNA isolated from DC10B, indicating that bypassing the type IV restriction barrier 300 alone was sufficient to allow genetic manipulation of this strain ( Figure 4B ) as 301 previously demonstrated (8). Complete bypass of the single type I RM system in this 302
isolate with E. coli host Ec_SeRP62aI significantly improved transformation 303 efficiency to 10 4 CFU/ml, which was equivalent to complete absence of a functional 304 type I RM system as determined with the RP62a∆hsdS mutant ( Figure 4B ). In 305 contrast, when expressing the RP62a hsdMS genes from a plasmid in DC10B, Costa 306 14 et al, were unable to completely bypass the type I RM barrier. This discrepancy was 307 attributed to additional RM systems with low frequency methylation (11). However, 308 our results showed that only one type I RM system is present in RP62a, suggesting 309 that the heterologous expression of type I RM systems on a plasmid in DC10B rather 310 than from a single copy of the genes integrated into the chromosome may be 311 suboptimal. Previously, we found that plasmid-based expression of hsdMS was both 312 unstable and cells were unable to tolerate high level expression required for complete 313 methylation of the target DNA (Monk et al 2015) . 314 315 Clustered, regularly interspaced, short palindromic repeat (CRISPR) loci confer 316 sequence directed immunity against phages and other foreign DNA, and are another 317 recognised barrier to horizontal gene transfer in S. epidermidis (20) . Our analysis of 318 the CRISPR spacers for RP62a (Table S3D) (Table 3) , neither pIMAY nor 328 pRAB11 had any BPH0736-S TRMs present. Therefore, pIMAY bearing the 329 ∆736hsdS insert (pIMAY∆736hsdS) was used as this contained three TRMs ( Figure  330 4D). BPH0736-WT was functionally confirmed to be restriction deficient with the 331 same transformation efficiency of 10 4 CFU/ml demonstrated for both BPH0736-WT 332 and BPH0736∆hsdS using plasmid isolated from non-specific E. coli host DC10B and 333 PAM tailored mutant Ec_Se736I ( Figure 4C ). Further supporting our bioinformatic 334 predictions, like BPH0736, ATCC 12228 (truncated hsdR and no hsdM; ST8) and 335 BPH0710 (truncation at amino acid 81of HsdS; ST2) were both predicted to have no 336 functional restriction barrier. Similar to BPH0736, both these strains were 337 transformable in the order of 10 4 CFU/ml with plasmid isolated from DC10B, 338
suggesting that this was the maximum transformation efficiency expected for our 339 protocol. Clinical ST2 strain, BPH0676, was also predicted to have no restriction 340 barrier with complete absence of a type I RM system, however similar to BPH0662 341 the maximum transformation efficiency achieved was only 10 3 CFU/ml suggesting 342 inherent strain dependent factors other than type I RM systems impacted on 343 transformation of these isolates e.g. cell wall thickness (21 (Figure 3) . Furthermore, although stable chromosomal integration of 365 three S. aureus hsdMS systems in E. coli DC10B (IM93B) has been described by 366
Monk et al., decreased efficiency of methylation was observed with only 10,135 of 367 14,602 total TRM sites demonstrating detectable methylation (9). 368 369 Collectively, our current and previous (9, 12) data suggests that DC10B E. coli is 370 unlikely to consistently maintain the heterologous expression of staphylococcal type I 371 RM systems in the setting of high frequency methylation (>10,000 sites). This 372 limitation should not impact plasmid transformation for mutant creation by allelic 373 exchange, which theoretically requires only a single transformant. However, should 374 high efficiency transformation be sought (e.g. direct transposon mutant library 375 selection), then suitable strains can be predicted using genomic data to identify 376 restriction deficient isolates, such as our newly described reference isolate BPH0736, 377 a clinically significant, ST2 isolate. Clinical metadata, genome characteristics, 378 CRISPR spacers (when present), in silico resistome, Vitek 2 antibiogram for clinically 379 relevant antibiotics and common plasmid selection markers for the seven new 380 reference isolates and BPH0662 are shown in Table S3 . Metadata and sequencing 381 accession for mutant isolates is listed in Table S5 . Table 2 ). The results of our experiments and analyses of the diversity of S. 405 epidermidis type I RM systems suggest that successful phage transduction of some S. 406 epidermidis isolates with Φ187 is more likely related to the absence of a functional 407 system, rather than the presence of a shared methylome with ST395 S. aureus. This is 408 further supported by experiments performed by Winstel et al., (23) 
Conclusions 434
Our results demonstrate marked differences between the type I RM systems in S. 435 aureus and S. epidermidis that had hitherto been assumed to be same (11). These reincubated to an OD 600 between 0.8 -0.9 and chilled in an ice slurry for 10 min. 493
Cells were harvested at 3,900 xg for 5 min at 4ºC in a swinging bucket rotor and the 494 cell pellet resuspended in 100 ml of autoclaved, ice-cold water. Centrifugation was 495 repeated, and the pellet resuspended in 50 ml of autoclaved ice-cold water. Cells were 496 centrifuged and successively resuspended in 20 ml, 10 ml then 250 l of autoclaved 497 ice-cold 10% (weight/volume) glycerol. Equal aliquots (50 l) were frozen at -80 o
C. 498
Prior to electroporation, cells were thawed on ice for 5 min, then at room temperature 499 for 5 min. Following centrifugation at 5,000 xg for 1 min, cells were resuspended in 500 50 l of 10% glycerol with 500 mM sucrose (filter sterilised). Pellet paint (Novagen) 501 precipitated plasmid DNA was added to the cells, then cells were transferred into a 1 502 mm electroporation cuvette (Bio-Rad) and pulsed at 21 kV/cm, 100 , 25 F at room 503 temperature. Routinely, 5 g of plasmid DNA was used, with concentration 504 22 determined by fluorometric assay (Qubit 2.0; Life Technologies). Cells were 505 incubated in 1 ml of BHI supplemented with 500 mM sucrose (filter sterilised) at 506 28 o C for 2 h prior to plating on BHIA containing chloramphenicol 10 g/ml. 507 508 Construction of Ec_Se736I and Ec_SeRP62aI E. coli hosts. E. coli mutants 509 expressing the relevant S. epidermidis type I RM systems in a DC10B background 510 were created using the primers listed in Table S6 as previously described (8, 9, 12) . 511
Detailed methodology in Supplementary Methods. 512 513
Construction of S. epidermidis ∆hsdS mutants. The pIMAY(hsdS) vectors were 514
constructed using amplified by overlap extension PCR (30) with the A/B/C/D primer 515 sets specified for each strain in Table S6 ; cloning into the pIMAY vector backbone; 516 subsequent cloning of the insert into the vector; mutant selection and screening were 517 conducted as previously described (5). Detailed methodology in Supplementary 518
Methods. 519 520
Harvesting 187 + pRAB11/pIMAY lysate from S. aureus PS187hsdRsauPSI 521 187 containing pRAB11/pIMAY was harvested from S. aureus 522
PS187hsdRsauPSI using a protocol adapted from Winstel (24). See Supplementary 523
Methods for detailed methodology. 
